A key issue in understanding option pricing is the response of option implied volatility to macroeconomic announcements. We use high frequency data on ASX SPI 200 Index Options to examine the response of option implied volatility, as well as higher moments of the underlying return distribution, to macroeconomic announcements. Additionally, we identify the response of the moments as a function of the moneyness of the options. Our findings suggest that in-themoney and out-of-the money options have difference characteristics in their responses, leading to the conclusion that heterogeneity in investor beliefs and preferences affect option implied volatility through the state price density function.
Introduction
Option implied volatility derives the market's estimate of future volatility from traded option prices. As these option prices reflect investors' expectations of cash flows in different states of the world and at different time horizons, option implied volatility can incorporate a broader information set than model-based volatility forecasts derived from realised volatility. Academic researchers and many investors consider implied volatility to provide a superior forecast of future volatility than estimates derived from historical realised volatility 1 .
Our research contributes to the literature that examines whether implied volatility captures the beliefs of market participants about the likelihood of future states together with the preferences of market participants toward these states. In particular, we relate changes in option implied volatility (IV) to changes in macro-economic announcements, through the impact of these announcements on the moments of the state price density (SPD) function. It is well known in asset pricing that SPD's capture and summarize all information about investor preferences and economic conditions relevant to the pricing of financial assets. Earlier research by Ederington and Lee (1996) found that information releases impact on the IV of T-bonds, Eurodollar and Deutschemark options, and that scheduled announcements lead to closure on investor concerns, 1 A comprehensive review of forecasting volatility in financial markets by Poon & Granger ( 2003) found that 21 of the 22 studies that used index option implied volatility to forecast stock index volatility concluded that implied volatility contains useful information about future volatility, and that about 50 per cent of index volatility is predictable up to a four-week horizon when actual volatility is estimated using very high frequency intra-day returns.
3 and a reduction in IV, whereas unscheduled announcements lead to an increase in IV. Rosenberga & Engle (2002) identified the state price density function with a monthly pricing kernel using a cross-section of S&P 500 index option prices and the S&P 500 return density function, and found substantial evidence that the pricing kernel exhibits counter cyclical risk aversion over S&P 500 return states. In addition, they report that empirical risk aversion is positively correlated with indicators of recession (widening of credit spreads) and negatively correlated with indicators of expansion (steepening of term structure slope). Beber and Brandt (2006) examined the impact of scheduled macro-economic announcements on the IV of at-themoney options on the US Treasury market. They distinguished between "good news" and "bad news" announcements and whether the news content came as a "surprise", as opposed to confirming investor expectations. In addition, they test directly the sensitivity of the volatility, skewness and kurtosis of the SPD function to the impact of macro-economic news announcements. By relating the implied risk aversion and change in risk aversion to the announcements, they argued that risk aversion varies counter-cyclically, as predicted by a habit formation model. More recently, Du (2010) has proposed a general equilibrium model to explain the pricing of S&P 500 index options wherein the central ingredients are a consumption growth rate with a "peso" component and a time-varying risk aversion induced by habit formation which amplifies consumption shocks. 2 Although prior studies such as the above have reported confirmation of the dependence of IV on the content of macro-economic announcements, the findings are not always consistent. This presents a need to test for their robustness in an alternative setting. The present study, using a pre-GFC dataset to enhance comparability with earlier studies, examines the response of option 4 implied volatility and the higher order moments (volatility, skewness and kurtosis) of the SPD function to macro-economic announcements in the context of the Australian ASX SPI 200 index futures options contracts. The SPI 200 futures and options on these futures are among the most liquid futures and options contracts in the world.
3 Our study extends the literature by differentiating between in-the-money (ITM), out-of-the-money (OTM), and at-the-money (ATM) options separately and in combination. In contrast with previous studies on the response of option prices to macro-economic announcements, we separate outcomes across option moneyness (in-or out-of the money). Our results, based on the relation of market response to moneyness, lend support to the belief that modern asset pricing can no longer be fully explained without reference to a behavioural understanding of investor risk taking.
Our other main findings may be summarized as follows. For ITM options, we find significant responses for the IV to macro-economic announcements, but this is not the case for OTM or ATM options. We interpret this finding as indicating that option holders of ITM options are more sensitive to losses than holders of OTM options, in accordance with behavioural prospect theory.
We note additionally that IV responds more significantly to announcements that relate directly to the broader economy, in particular the news in unemployment (UR) (at the 1% level) (but also retail sales (RS) and dwelling starts (DS)) (for brevity, we refer to UR, RS and DS as "equity market" indicators, in contrast to "bond market" indicators, as the following). Announcements that relate to "level of money in circulation" indicators (consumer price index (CPI), producer price index (PPI), average weekly wages (AWW) and the RBA cash target (RTC)) (which for brevity, we shall refer to as "bond market" indicators)) are generally insignificant for IV (we 5 note exceptions for PPI). 4 Consistent with Beber and Brandt (2006) , we also report nonsignificant responses to "surprise" news announcements. We interpret this finding as indicating that the announcements lead of themselves to a reduction in uncertainty that cancels with the "surprise" element that itself is expected to increase uncertainty.
A different picture emerges when we look at the second, third and fourth moments of the SPD function as embedded in the option pricing framework, The second moment volatility of the underlying futures return probabilities does not appear to be impacted on significantly by any of the news announcements. We interpret this result as confirming a cancellation effect between the impact of the item carried in the news, which of itself, might be expected to increase volatility, and the clarification of the item via the news announcement. 5 For the third and fourth moments of the SPD function, we find that the announcement for "bond market" indicators are significant (the announcements for the CPI index and RBA cash target are significant at the 1% level), while the "equity markets" announcements are insignificant (with exceptions for RS). For ITM options, "good" news for these "bond market" announcements leads to more positively skewed and more fat-tailed SPD functions, while for OTM options, "bad" news for these indicators leads to less positively skewed and less fat-tailed SPD functions. 6 4 These findings contrast with Beber and Brandt (2006) who in their examination of ATM options on US Treasury bonds report that unemployment (UR), PPI and CPI announcements reduce the uncertainty captured by IV, but that there is no significant impact when the news is conditioned as "surprise" news.
6
2 Implied volatility and investor beliefs
Traditional static asset pricing models are characterized by investors who consume their wealth at the end of a single period, with the outcome that wealth uniquely determines consumption. In an inter-temporal setting, investors consider many periods in making their portfolio decisions and future payoffs are priced in today's money equivalent in relation to investors' inter-temporal consumption needs. A direct implication is that the implied volatility (IV) in the Black Scholes model, in addition to capturing the volatility of the underlying asset, may also be capable of capturing investors' consumption response to such volatility. In this case,
IV is a function of investors' preferences as determined by aggregate consumption, and the fundamental expression for the call premium (C t ) at time t must be written:
where r is the risk-free rate, and the integral is over the possible price outcomes (F T ) for the underlying asset in relation to the exercise price, K, at expiration T, and the risk neutral pricing density of underlying outcome possibilities is defined as ( 2 ) where at time t, p t (F T ) is the probability of attaining the underlying outcome F T at time T, and the function represents a general stochastic discount factor that identifies the risk-neutral 7 value of $1 at time T. 7 Expressing the integral in equation 1 with respect to the corresponding continuously discounted rate x T as required to achieve each outcome F T , we express equation 1 as
The contribution of (Black & Scholes 1973) is to show that provided the state price density (SPD) function is normally distributed with respect to x T (implying that the distribution of outcomes F T is log-normally distributed with respect to x T ), C t may be expressed:
where represents the standard deviation of the underlying asset's return at expiration time 
In the more general case, it may be that due, for example, to investor beliefs and preferences, the SPD function is not normally distributed with respect to possible outcome returns x T . We have, for example, the observation that the volatility smile (or smirk) for a call option is consistent with a set of probability outcomes and/or preferences for the underlying asset at the 7 The "risk neutral pricing density" function is also referred to as the state price density (SPD) function. See, for example, Campbell, Lo and Lee (1996) 
, where the ratio is that of the marginal utility with consumption at time T to that at the prior investment time t. Here, consistent with Beber and Brandt (2006) , we shall refer to q t (x T ) as in equation 3 as the state price density (SPD) function. See, also, Jackwerth (2000) who defines risk neutral probability as subjective probability multiplied by the risk aversion adjustment and shows how it can be derived from option prices and realized returns on assets. 8 higher end of the probability spectrum that is thinner-tailed than the lognormal distribution. 8 In this case, the standard deviation term, σ, in the Black Scholes model equation 4 must be interpreted more broadly as a response to a combination of belief outcomes discounted stochastically by the preferences of investors to such outcomes.
Data and methodology

The Australian Market
The underlying asset for an ASX SPI 200 option is the ASXSPI 200 futures contract. which is made available to the market and the business press immediately after the survey is taken.
The set of seven announcements provides a comprehensive characterization of the macro economy. Together, they describe the inflationary process by the consumer price index (CPI) and producer price index (PPI); the situation in the labour market by the unemployment rate (UR) and average weekly wages (AWW); the dynamic of consumption by the retail sales (RS) and retail trade; the conditions of the money market by the RBA cash target (RTC) and the situation in the real estate market by dwelling starts (DS). Most of these announcements are released widely and virtually instantaneously at a precise scheduled time. The statistical agencies impose 11 lock-up conditions to ensure that the information is not released to the public before the scheduled time. 
Methodology
To examine the effect of macroeconomic announcements on the implied volatility, the log changes of implied volatility (IV) are first calculated. From these, we construct daily timeseries as the average IV changes for the options traded that day for the options in combination, and separately for ITM, OTM and ATM options. As the dependent variable, these changes are regressed on the macroeconomic announcements. The regressions are performed, firstly, without considering whether an announcement carries "surprise" information, or whether the announcement carries ''good'' or ''bad'' news (yielding what we term an "unconditional" response). Thereafter, we consider the "conditional" responses by distinguishing those announcements that (i) carry "surprise" news and those that (ii) carry either good or bad news.
We run the following regression equations, each with 721,300 observations through 1,430 trading days. The "unconditional" response to macroeconomic announcements:
is the daily log relative change in the average implied volatility, and D kt are dummy variables for the k macroeconomic announcements (CPI, PPI, UR, AWW, RS, RTC, and DS) = 1 if announcement k is made on day t and D kt = 0 otherwise. We estimate the regression (7) as the conditional response to the surprise element of the macroeconomic announcements:
18 With few exceptions, the announcements are timed as follows: four announcements are at 11:30 am (CPI, DS, PPI, and AWW), RTC is at 9:30 am, UR at 10:30, and RS is at 11:00.
where is the standardised measure of the surprise element defined by the difference between actual (A kt ) and the predicted (X kt ) as surveyed by analysts for each announcement divided by σ k is the (unconditional) empirical standard deviation of the innovations . Thus the standardised measure of surprise is constructed here consistent with both (Balduzzi, Elton & Green 2001) and (Beber & Brandt 2006) ). Equation (8) captures the conditional response to good, or bad news:
where for RTC, CPI and UR a positive (negative) surprise corresponds to bad (good news), whereas for PPI, AWW, RS, and DS a positive (negative) surprise corresponds to good (bad news). 19 We also relate macro-economic news announcements to their impact on the volatility, skewness and kurtosis of the SPD as it relates to the underlying SPI 200 futures contract. The approach is based on the Gram-Charlier expansion of a function υ(ω) about a "core" normal distributed function φ(ω) as
where D j denotes the j th derivative operator. Thus the third and fourth terms, respectively, capture skewness and kurtosis departures of the function υ(ω) from normality φ(ω). As (Beber & Brandt 2006) , we follow the simplification advanced by (Backus, Foresi & Wu 2004) . These authors show that equation 9 lends itself to an expression for the implied volatility (IV) function in terms 19 This is the convention followed by Ederington and Lee, 1996, and Beber and Brandt, 2006. 13 of an underlying normal distribution (with standard deviation equal to the underlying asset return volatility, σ) as
where d is as equation 5. As Beber and Brandt, We solve for the coefficients γ 1 and γ 2 each day by minimising the function:
where IV denotes the option daily implied volatility from the data and IV(d i ) denotes the function in equation 10 summed over options with the same expiration date but with different strike prices, i.
Having recovered the daily coefficients σ, γ 1 and γ 2 in this way, we proceed to regress their change in value as a response to macro-economic news announcements. In this way, we examine the impact of macro-economic news announcements on the second, third and fourth moments of the state price density function in equation 3, which captures the beliefs and preferences of investors as to the underlying outcome distribution at time T.
Results
In this section, we report the responses of implied volatility ( Table 1 , the numbers represent the (insignificant) percentage changes in IV (0.5% for UR, 1.9% for RS, etc)
per standard deviation of surprise in the announcements, and the remaining rows provide the (insignificant) absolute changes in the moments per standard deviation of surprise.
In Table 1 , for the options combined, we observe that the IV is unconditionally (ie, independent of whether the news is "good" or "bad") positively and significantly related to retail sales (RS) (at the 5% level). This dependence is preserved for "good" news (at just above the 10% level)
but is insignificant for "bad" news. For the unemployment rate (UR), there is again a positive and significant unconditional relation (at the 10% level) and again the relation is stronger for good news (at the 5% level). For dwelling starts (DS) the relation is negatively related to IV for good news (at close to the 10% level). In regard to PPI, we find a negative and significant relation for bad news only (at the 10% level).
For in-the-money options, we no longer find a dependence on RS, but PPI is now positively and significantly related (at the 10% level) to the announcements "unconditionally"
(notwithstanding, at close to the 10% level it is negatively related for both surprise and "bad" news announcements). For UR and DS the patterns repeat the findings for all options combined with markedly increased levels of significance (UR significance is now highly significant at the 1% level, and DS significance is at the 10% level). For both Tables 1 and 2 , the coefficients are positive for retail sales (RS) and the unemployment rate (UR) implying that announcements on these items are capable of triggering increased uncertainty. In contrast, the coefficients on dwelling starts (DS) and the producer price index (PPI) are negative implying that announcements on these items are capable of reducing uncertainty.
Beber and Brandt consider ten announcement types. 21 Of these, announcements in relation to the consumer price index (CPI), the unemployment report (UR) and producer price index (PPI) appear to be the main explanatory of day-to-day changes in the average at-the-money IV. The coefficients are highly negatively significant, consistent with the intuition that the 16 announcements reduce uncertainty. Our results in combination with those of Beber and Brandt therefore suggest a "damping" effect of macroeconomic announcements in that, on the one hand, the issues being raised tend of themselves to stimulate uncertainty, whereas the announcement itself tends to reduce uncertainty. This view lends interpretation to our findings (as for Beber and Brandt) that announcements with "surprise" news have little or no significance because the surprise news and the concurrent clarification of the announcement have a cancelling effect on each other.
When Beber and Brandt separate the regressions for good and bad news, their intercepts are highly significantly negative in conjunction with coefficients for CPI and NFP announcements that are significantly positive for bad news and insignificant for good news. The authors interpret their results as signifying that at-the-money volatility drops comparatively less when the announcements contain bad news, and conclude that good news for economic prospects leads market participants to become less risk averse. Our finding of a negative coefficient on good news for dwelling starts (DS) (for all options and ITM options) conforms to the above interpretation of Beber and Brandt. However, the positive coefficients (increased uncertainty) on good news for retails sales (RS) (all options combined) and more strikingly, the unemployment rate (UR) (all options combined and ITM options, with levels of significance at the 1% level)
contradict the Baber and Brandt hypothesis. Nevertheless, the result of increased uncertainty with employment news is perhaps not so surprising when we consider that a reduction in unemployment may be interpreted either as signalling a more prosperous economy, or alternatively as a foreshadowing of higher wage claims and skill shortages. A sharp increase in uncertainty on the announcement of unemployment figures, whose economic interpretation is itself ambiguous, may therefore be interpreted as a natural exception to the proposition that the 17 uncertainty surrounding the issue of the news announcement tends to be mollified by the clarification of the announcement itself.
Intriguingly, we find no significant impact on IV for "bad" news in relation to the "equity" macroeconomic announcements (UR, RS and DS). Also, we find no significant impact of the macroeconomic announcements on the IV for OTM and ATM options (Tables 3 and 4) .
We summarize our findings at this point with the observation that holders of ITM options (i) are more sensitive to macro-economic announcements than holders of OTM options, and (ii) are more sensitive to economic "good" news than "bad" news.
The results for the second, third and fourth moments of the SPD in response to the macro-economic announcements are presented in the second, third and fourth rows of the panels.
The SPD is conditioned on the volatility (σ) of the underlying SPI 200 futures contract as the second moment (equation 10). In all cases, we observe that the announcements do not impact significantly on the volatility (σ). We again interpret this result as confirmation of a cancellation effect between the impact of the item carried in the news, which of itself, might be expected to increase volatility, and the clarification of the item via the news announcement.
The significant impacts for the change in IV were predominantly from the more direct measures of the economy (UR, RS and DS) rather than from the "level of money in circulation" orientated indicators (CPI, PPI, AWW, RTC) with the exception of PPI. Tables 1 and 2 reveal that that for all options combined as well as for ITM options, good news for PPI has a positive and significant impact on both the skewness and kurtosis of the SPDs (panels C) (but no impact for bad news). For ITM options (Table 2) , unconditional news for the PPI also has significant impact for skewness and kurtosis (panel A). Tables 1 and 2 also reveal that for all options combined as well as for ITM options, unconditional news for the RBA cash target (RTC) has a 18 negative and significant impact for skewness and kurtosis (panels A); and unconditional news for consumer price index (CPI) has a positive and significant impact on skewness (panels A). Good news for CPI also has a positive and significant impact for the third moment for ITM options (Table 2 , panel C).
We noted that macro-economic announcements had no impact on IV for OTM or ATM options when taken separately (Tables 3 and 4 , first row of all panels). For OTM options (Table   3 ) bad news for the CPI has a negative and highly significant (at the 1% level) impact on skewness (panel C) and unconditional news for CPI is also negatively and significant related to skewness (panel A). For OTM options, unconditional news for the RTC is negatively and highly significantly (at the 1% level) related to skewness and kurtosis (panel A, Table 3 ) (as was observed for both all options and ITM options (Tables 1 and 2 ). For OTM options, unconditional news for CPI is also negatively and significantly related to skewness (Table 4, (Table 4 ) both "surprise" and "bad" news for the CPI has a positive and highly significant (at the 1% level) impact on the skewness and kurtosis of the SPD (panels B and C), while good news for the CPI has a negative and significant impact on the skewness of the SPD (panel C). For ATM options, unconditional news for the RTC is again negative and significantly (at the 1% level) related to kurtosis (panel A).
In contrast to the impacts on the IV function directly, the direct measures of the economy (UR, RS and DS) are notably absent in their impact on the volatility, skewness and kurtosis 19 moments of the SPD function. The only exceptions are for news on retail sales (RS) which (for unconditional news for all options combined) impacts positively and significantly on kurtosis (panel A, Table 1 ), and (for unconditional and good news for ATM options) impacts negatively and significantly on kurtosis (panels A and C, Table 4 ).
Conclusion
The study has examined the impact of macroeconomic announcements on the moments of implied volatility of option contracts on the Australian ASX SPI 200 index futures. We find evidence that ITM holders of Australian options are more sensitive to "good" news than to "bad" news (in relation to the state of unemployment at the 1% level) and that ITM holders of options are more sensitive to news than are OTM holders. This suggests that ITM options are sensitive to their wealth status as "valuable" assets, whereas OTM options are akin to a lottery ticket for which investment loss is more acceptable. We believe that a behavioural understanding of investors is required to fully explain option pricing. For example, prospect theory anticipates that investors "with more to lose" (ITM option holders) are more alert to changes in economic circumstances than investors who are trading a "losing hand" (OTM option holders). In this case, ITM options are "more risk averse" than OTM options, with direct implications for explanation of the volatility smile.
Nevertheless, we report no significant impact of the announcements on the volatility of the underlying futures contracts themselves. We have postulated that this may be due to a cancellation effect between the impact of the item carried in the news, which of itself, might be 20 expected to increase volatility, and the clarification of the item via the news announcement. This is an intriguing result in that it suggests that the IV of ITM options is not only more sensitive than OTM options to economic announcements, but is more sensitive than the underlying asset itself.
In regard to the higher moments of the price density function (PDF) of the futures contracts as embedded in the option price, we report that announcements relating more directly to bond holders are significant (in relation to the CPI and RBA cash target at the 1% level), while announcements relating more directly to equity holders are insignificant. Again, reported asymmetries between ITM and OTM options serve to support the hypothesis that ITM and OTM options are driven by different sets of beliefs and preferences.
22 The table summarises responses of the IV to macroeconomic announcements: unconditional (without considering whether an announcement is ''good'' or ''bad'' news) (panel A), conditional on surprise news, (panel B), and conditional on good and bad news (panel C). The panels report the regression results for μ t -μ t-1 as the dependent variable, where in the first row, μ t -μ t-1 is the log daily change in option IV as ln(σ IV,t /σ IV,t-1 ), in the second row, μ t -μ t-1 is the daily change in volatility of the underlying returns (σ t ), and in the third and fourth rows, μ t -μ t-1 is, respectively, the daily change in skewness and kurtosis as third and fourth order moments of the SPD function q t (x T ) of underlying returns (as it determines option prices, equation 3). Thus panel A shows the parameter estimates (βK) for the regressions as the responses to unconditional news: 
where D kt are dummy variables with D kt = 1 if announcement k is made on day t and D kt = 0 otherwise. D kt are from the following macroeconomic announcements: consumer price index (CPI), producer price index (PPI), unemployment rate (UR), average weekly wages (AWW), retail sales (RS), RBA cash target (RTC), and dwelling starts (DS). S kt = A kt -X kt is the surprise element defined by the difference between actual and the predicted as surveyed by analysts for each announcement. For PPI, AWW, RS, and DS a positive (negative) surprise corresponds to good (bad) news. However, for, RTC, CPI and UR a positive (negative) surprise corresponds to bad (good) news as is common in the literature. *** , ** , and * represents statistical significance at the 1%, 5%, and 10% levels, respectively. t-values are in parentheses. The definitions and caveats are as Table 1. 
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